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Introduction {#anie202004452-sec-0001}
============

Carbon‐centered trityl radicals have emerged as important molecules for in‐vivo imaging,[1](#anie202004452-bib-0001){ref-type="ref"} oximetry,[2](#anie202004452-bib-0002){ref-type="ref"}, [3](#anie202004452-bib-0003){ref-type="ref"} pH‐sensing.[3](#anie202004452-bib-0003){ref-type="ref"} and as polarizing agents in dynamic nuclear polarization (DNP)[4](#anie202004452-bib-0004){ref-type="ref"}, [5](#anie202004452-bib-0005){ref-type="ref"} experiments. Additionally, the so‐called Finland trityl **1^.^** [6](#anie202004452-bib-0006){ref-type="ref"} (Figure [1](#anie202004452-fig-0001){ref-type="fig"}) has been used for synthesizing trityl‐based spin labels **2^.^**--**8^.^** [7](#anie202004452-bib-0007){ref-type="ref"}, [8](#anie202004452-bib-0008){ref-type="ref"}, [9](#anie202004452-bib-0009){ref-type="ref"}, [10](#anie202004452-bib-0010){ref-type="ref"}, [11](#anie202004452-bib-0011){ref-type="ref"} out of which **2^.^** [7](#anie202004452-bib-0007){ref-type="ref"} and **3^.^** [8](#anie202004452-bib-0008){ref-type="ref"} paved the way for biomolecular structure determination at physiological temperatures using pulsed dipolar electron‐paramagnetic‐resonance spectroscopy (PDS).[12](#anie202004452-bib-0012){ref-type="ref"}, [13](#anie202004452-bib-0013){ref-type="ref"} Furthermore, trityl labels **4^.^** and **7^.^** have been shown to be suitable for PDS measurements within cells.[9](#anie202004452-bib-0009){ref-type="ref"}, [14](#anie202004452-bib-0014){ref-type="ref"} Advantages of trityl labels are their long relaxation times *T* ~M~ at room temperature,[15](#anie202004452-bib-0015){ref-type="ref"} their single‐line EPR spectra yielding large signal‐to‐noise ratios (SNR),[16](#anie202004452-bib-0016){ref-type="ref"} their spin state of *S*=$1/2$ , which makes data analysis simple,[17](#anie202004452-bib-0017){ref-type="ref"} and their increased reduction stability compared to *gem*‐dimethylnitroxides allowing for in‐cell measurements.[9](#anie202004452-bib-0009){ref-type="ref"}, [14](#anie202004452-bib-0014){ref-type="ref"} Although such in‐cell measurements are possible, the currently used trityls are still reduced within cells.[18](#anie202004452-bib-0018){ref-type="ref"} In contrast, Gd^III^‐based spin labels are inert to reduction within cells, but, depending on the particular type of the complex, the Gd^III^ ion may be exchanged for metal ions present in the cell.[19](#anie202004452-bib-0019){ref-type="ref"} The relaxation times *T* ~M~ of Gd^III^ can be shorter or longer than those of trityls, depending on the utilized ligand,[14](#anie202004452-bib-0014){ref-type="ref"}, [20](#anie202004452-bib-0020){ref-type="ref"} and the electron‐spin state of *S*=7/2 imposes challenges on data analysis.[21](#anie202004452-bib-0021){ref-type="ref"}, [22](#anie202004452-bib-0022){ref-type="ref"} Thus, in order to keep the trityl core but to make it more suitable for in‐cell measurements, its redox properties have to be tuned, possibly by exchanging the electron‐withdrawing carboxy substituents with electron‐donating groups. Furthermore, the currently used synthesis strategy for introducing the bioconjugation group via esterification (**4^.^**--**6^.^**, **8^.^**)[9](#anie202004452-bib-0009){ref-type="ref"}, [11](#anie202004452-bib-0011){ref-type="ref"} or amidation (**2^.^**, **3^.^**, **7^.^**)[7](#anie202004452-bib-0007){ref-type="ref"}, [8](#anie202004452-bib-0008){ref-type="ref"}, [10](#anie202004452-bib-0010){ref-type="ref"} of the carboxylic groups (Figure [1](#anie202004452-fig-0001){ref-type="fig"}) leads to long, flexible linkers that make the PDS‐derived distance distributions broad and, in some cases, multimodal.[11](#anie202004452-bib-0011){ref-type="ref"} This, in turn, renders the interpretation of such distance distributions error‐prone. Last but not least, the label should not be cleaved from the biomolecule under in‐cell conditions, rendering the ester connectivity of the bioconjugation group to the trityl core[23](#anie202004452-bib-0023){ref-type="ref"} and the disulfide bridge forming a methanethiosulfonate group[24](#anie202004452-bib-0024){ref-type="ref"} unsuitable. With respect to the latter, the thioether‐forming maleimide group has been confirmed to be advantageous.[25](#anie202004452-bib-0025){ref-type="ref"}

![Finland trityl **1^.^**, various trityl labels (**2^.^**--**8^.^**) reported in the literature, and the new trityl label **9^.^** (SLIM). For the sake of clarity, the radical basis is depicted in black, the linker in red, and the bioconjugation site in blue.](ANIE-59-9767-g001){#anie202004452-fig-0001}

Therefore, the work presented herein introduces a synthesis by which the maleimide group is coupled to the trityl core via just one methylene group leading to the label **9^.^**, called SLIM (short‐linked maleimide), which provides narrow distance distributions, increased stability against reduction, high labeling efficiencies, and large signal‐to‐noise ratios in PDS measurements.

Results and Discussion {#anie202004452-sec-0002}
======================

Synthesis and Characterization {#anie202004452-sec-0003}
------------------------------

The synthesis of SLIM **9^.^** is shown in Scheme [1](#anie202004452-fig-5001){ref-type="fig"} and starts from trityl alcohol **10**, which can be obtained from 1,2,4,5‐tetrachlorobenzene in three steps.[9](#anie202004452-bib-0009){ref-type="ref"} Subsequent deprotonation and treatment with activated Boc‐anhydride afforded the threefold ester **11** by adapting a recent protocol of Hintz et al.[26](#anie202004452-bib-0026){ref-type="ref"} Statistical reduction of one ester moiety with LiAlH~4~ broke the *C* ~3~ symmetry and lead to **12** in a yield of 42 % (58 % based on recovered starting material **11**).

![Synthesis of SLIM **9^.^**. a) 1) *n*‐BuLi, TMEDA, Et~2~O, rt, 0.5 h; 2) *N*‐*tert*‐butoxycarbonylpyridinium *tert*‐butanolate, Et~2~O, 24 h. b) LiAlH~4~, THF, rt, 1 h. c) Ph~3~P, diethyl azodicarboxylate, THF, 0 °C, 0.5 h. d) 1) CF~3~COOH, CH~2~Cl~2~, rt, 2 h; 2) SnCl~2~, THF, 0.3 h. e) CH~3~CN, 60 °C, 24 h.](ANIE-59-9767-g006){#anie202004452-fig-5001}

In the next step, the required C−N bond on the way to **9^.^** was formed in a Mitsunobu reaction[27](#anie202004452-bib-0027){ref-type="ref"} between **12** and **13** leading to **14** in a yield of 70 %. The excellent Michael‐acceptor properties of maleimides required the protection of their C=C bond in form of the Diels--Alder adduct **13** in order to prevent side reactions with Ph~3~P,[28](#anie202004452-bib-0028){ref-type="ref"} which is needed as a reagent in the Mitsunobu transformation. The *endo*‐isomer of **13** [29](#anie202004452-bib-0029){ref-type="ref"} was chosen over the *exo*‐isomer, because it provides sufficient retro‐Diels--Alder reactivity already at 60 °C (see Supporting Information, Section 2.2.4) instead of 150 °C, which is necessary for the cleavage of the *exo*‐adduct of **13**.[30](#anie202004452-bib-0030){ref-type="ref"}, [31](#anie202004452-bib-0031){ref-type="ref"} The deprotection at 60 °C is compatible with the thermal stability of the radical center,[32](#anie202004452-bib-0032){ref-type="ref"} which is crucial for the final deprotection to **9^.^**. However, first, the *t*‐butyl esters in **14** are cleaved by triflouroacetic acid concomitant to the abstraction of the hydroxyl group. This leads to tritylium ion **15^+^**, which is then reduced in situ with tin(II) chloride to **15^.^**. Finally, **9^.^** was obtained by simply heating **15^.^** to 60 °C overnight leading to a quantitative deprotection of the maleimide. Relative to starting compound **10**, the overall yield of the five‐step synthesis was 13 %. The identity and purity of **9^.^** was confirmed by high‐resolution mass spectrometry and HPLC (see Supporting Information, Sections 2.3.2--2.3.3). For further characterization, a continuous‐wave (cw) X‐band EPR spectrum of **9^.^** in a PBS buffer (PBS=phosphate‐buffered saline) was recorded at room temperature (Figure [2](#anie202004452-fig-0002){ref-type="fig"} a). The spectrum displays nine major lines due to hyperfine coupling of the electron spin to the imido nitrogen atom (*A* ~N~=1.71 MHz) and the two benzylic hydrogen atoms (*A* ~H1~=6.00 MHz, *A* ~H2~=2.96 MHz). The fact that the hyperfine‐coupling constants of H1 and H2 (Figure [1](#anie202004452-fig-0001){ref-type="fig"}) differ from each other is also seen in DFT calculations and can be attributed to the helical chirality of the trityl scaffold (see Supporting Information, Section 8.1). Freezing the sample to 100 K resulted in the EPR spectrum shown in Figure [2](#anie202004452-fig-0002){ref-type="fig"} b with a splitting between both lines of 7.44 MHz, which is, in large parts, governed by the hyperfine coupling to H1. Thus, and in contrast to the Finland trityl derivatives **2^.^**--**8^.^**, SLIM **9^.^** does not give rise to a single line in the frozen state. However, the spectral width of ≈10 G is still, on the one hand, narrow enough to permit full excitation with conventional rectangular pulses and, on the other hand, broad enough to also enable PELDOR experiments.

![Cw X‐band EPR spectra of **9^.^** in a PBS buffer a) at 298 K, b) at 100 K, and c) of **9^.^** bound to the single‐cysteine mutant YopO N624C in a PBS buffer at 298 K.](ANIE-59-9767-g002){#anie202004452-fig-0002}

Redox Stability {#anie202004452-sec-0004}
---------------

With respect to in‐cell measurements, the stability of a spin label against reduction is important. As shown in the literature,[33](#anie202004452-bib-0033){ref-type="ref"}, [34](#anie202004452-bib-0034){ref-type="ref"}, [35](#anie202004452-bib-0035){ref-type="ref"} the *para*‐substituents of trityl radicals hold a strong influence on the electrode potentials. Generally, the carbanion T^−^ is stabilized by electron withdrawing groups, such as esters or amides, resulting in an increase of the reduction potential. This implies that all spin labels obtained by esterification or amidation of **1^.^** are more prone to reduction than **1^.^** itself. In contrast, the imidomethylene substituent in **9^.^** rather acts as an electron‐donating group, destabilizing the corresponding carbanion and restraining the reduction compared to **1^.^**. Indeed, this behavior is seen in the cyclovoltammograms (Figure S28, Supporting Information). The reduction potential of **9^.^** is lowered by 46 mV compared to **1^.^**, furnishing it with an increased stability towards reduction. Due to the higher reactivity of the corresponding carbanion **9** ^−^ towards H^+^, its reduction is less reversible than for **1^.^**, as seen when using slower scan rates (see Supporting Information, Section 4.1). In contrast to the reduction, the oxidation of **9^.^** is slightly promoted by 26 mV compared to **1^.^**. Nonetheless, no oxidative degradation was observed under ambient conditions.

In order to probe the in‐cell persistence of **9^.^**, its cw‐EPR‐signal intensity was monitored over time under several commonly used and in‐cell‐related conditions.[18](#anie202004452-bib-0018){ref-type="ref"}, [36](#anie202004452-bib-0036){ref-type="ref"}, [37](#anie202004452-bib-0037){ref-type="ref"} In a 4.75 m[m]{.smallcaps} ascorbate solution (Figure [3](#anie202004452-fig-0003){ref-type="fig"} a), **9^.^** does not decay at all, whereas trityl label **8^.^** decays to 62 % within 15 h, the *gem*‐diethyl label **S5** bound to DNA (see Supporting Information, Section 3.1) is reduced to 18 % in the same time and the *gem*‐dimethyl label MTSL is completely reduced within 1.5 h.

![a) Plot of the EPR intensities (double integral) vs. time for 200 μ[m]{.smallcaps} **9^.^** (red), **8^.^** (blue), tetraethyl nitroxide **S5** (cyan), and MTSL (orange) in a PBS buffer containing 4.75 m[m]{.smallcaps} sodium ascorbate, each corresponding to a 24‐fold molar excess of ascorbate. b) Plot of the EPR intensities (double integral) against time for **9^.^** conjugated to YopO N624C (50 μ[m]{.smallcaps}) in HeLa‐lysate (red), 4.75 m[m]{.smallcaps} ascorbate (black), and *Xenopus laevis* oocyte lysate (blue). The initial intensities were comparable, and the dead time was below 6 min in each case. Label **S5** was conjugated to DNA to provide sufficient water solubility.](ANIE-59-9767-g003){#anie202004452-fig-0003}

In another step, **9^.^** was conjugated to *Yersinia* outer protein O (YopO) mutant N624C and the labeled protein was added to a 4.75 m[m]{.smallcaps} solution of ascorbate, HeLa cell lysate, and oocyte lysate. As can be seen in Figure [3](#anie202004452-fig-0003){ref-type="fig"} b, also under these conditions, **9^.^** is reduced only marginally in the case of ascorbate and HeLa lysate. Even within *Xenopus laevis* oocyte lysate, the most reducing cell lysate tested herein, only a decay to 71 % is observed after 15 h. Label **9^.^** is thus considerably more stable than the *gem*‐dimethyl nitroxides and at least on par with the best *gem*‐diethyl nitroxides according to literature reports.[36](#anie202004452-bib-0036){ref-type="ref"}, [37](#anie202004452-bib-0037){ref-type="ref"}

Spin Labeling {#anie202004452-sec-0005}
-------------

Successful spin labeling requires high site‐selectivity and high labeling efficiency. In order to probe for the first aspect, the cysteine‐free mutant of YopO[38](#anie202004452-bib-0038){ref-type="ref"}, [39](#anie202004452-bib-0039){ref-type="ref"} was incubated with **9^.^** under typical labeling conditions.[11](#anie202004452-bib-0011){ref-type="ref"} MALDI‐MS showed the mass for the unlabeled protein only, indicating that no other amino acid is covalently labeled by **9^.^** (see Supporting Information, Section 3.3.5). Non‐covalent labeling and the presence of inseparable aggregates of **9^.^** were tested for by using UV/Vis spectroscopy. The UV/Vis spectrum after labeling shows a weak absorption band at 464 nm (see Supporting Information, Section 3.3.4) indicating that 6.9±0.6 % of non‐bound **9^.^** are present in the sample relative to the protein. This behavior of trityls is known[10](#anie202004452-bib-0010){ref-type="ref"}, [11](#anie202004452-bib-0011){ref-type="ref"}, [40](#anie202004452-bib-0040){ref-type="ref"} and, in this case, actually quite effectively diminished by the labeling protocol.

The efficiency of the bioconjugation was subsequently examined using the single‐cysteine YopO mutant N624C. ESI‐MS (see Supporting Information, Section 3.3.5) confirmed that only one label is bound. The labeling efficiency was estimated to be quantitative based on ESI‐MS and 94±9 % based on UV/Vis and EPR spin‐counting experiments. Interestingly, **9^.^** covalently bound to YopO yields a room‐temperature cw X‐band EPR spectrum similar to that of **9^.^** free in the frozen state, which can be simulated by only slightly adjusting the EPR parameters of **9^.^** at 100 K (Figure [2](#anie202004452-fig-0002){ref-type="fig"} and Supporting Information, Section 5). Thus, the slow rotation of **9^.^** bound to a protein brings the label into the rigid limit and enables the distinction of bound label from unbound label.

Distance Measurements {#anie202004452-sec-0006}
---------------------

In a next step, the effect of the reduced linker length on PDS derived distance distributions was assessed on the double‐cysteine mutant YopO Y588C/N624C (see Supporting Information, Section 3.3.1) by labeling it with **9^.^**, **8^.^**, and MTSL. The resulting doubly labeled constructs YopO‐**9^.^**, YopO‐**8^.^**, and YopO‐MTSL were characterized (see Supporting Information, Section 3.3.4) and subjected to double‐quantum coherence (DQC)[41](#anie202004452-bib-0041){ref-type="ref"}, [42](#anie202004452-bib-0042){ref-type="ref"} and pulsed electron--electron double‐resonance (PELDOR)[43](#anie202004452-bib-0043){ref-type="ref"}, [44](#anie202004452-bib-0044){ref-type="ref"}, [45](#anie202004452-bib-0045){ref-type="ref"} experiments whose background‐corrected time traces are shown in Figure [4](#anie202004452-fig-0004){ref-type="fig"} for original time traces, see the Supporting Information, Section 7.5). The PELDOR time trace of YopO‐MTSL (Figure [4](#anie202004452-fig-0004){ref-type="fig"} a) exhibits the typical modulation depth of 32 % for Q‐band PELDOR and a SNR of 248 h^−1/2^. The corresponding distance distribution shows a bimodal distribution, which was seen before for other MTSL‐YopO mutants involving α‐helix 14 in the guanine‐nucleotide dissociation inhibitor (GDI) domain.[11](#anie202004452-bib-0011){ref-type="ref"} For YopO‐**9^.^**, the narrow spectral width of the trityl signal called for a DQC experiment, which almost tripled the modulation depth to 87 % and the SNR to 674 h^−1/2^ (Figure [4](#anie202004452-fig-0004){ref-type="fig"} c). This high SNR prompted us to reduce the YopO‐**9^.^** concentration to 90 n[m]{.smallcaps}, which still gave an SNR of 2 h^−1/2^ at a time window length of 2.5 μs (see Supporting Information, Section 7.7). Performing PELDOR measurements on YopO‐**9^.^** provided a SNR of only 155 h^−1/2^ (see Supporting Information, Section 7.5). This shows that the combination DQC/**9^.^** outperforms the PELDOR/MTSL combination.[11](#anie202004452-bib-0011){ref-type="ref"} Notably, the bimodality seen for YopO‐MTSL is also resolved for YopO labeled with **9^.^**, and both the widths and weights of the two modes are very similar in both cases (see Supporting Information, Section 7.5).

![PDS experiments on mutant Y588C/N624C‐YopO labeled with a), b) MTSL (PELDOR), c), d) **9^.^** (DQC), and e), f) **8^.^** (DQC). Background‐corrected time traces (black) are given along with their fits (red) in (a,c,e), and the resulting distance distributions are provided in (b,d,f) in black with the corresponding DeerAnalysis validation shown as grey shaded areas.](ANIE-59-9767-g004){#anie202004452-fig-0004}

Since the bimodality is observed for two different spin labels, MTSL and **9^.^**, and two PDS techniques, PELDOR and DQC, it can be related to two different conformers of the α‐helix, as previously discussed.[11](#anie202004452-bib-0011){ref-type="ref"}, [39](#anie202004452-bib-0039){ref-type="ref"} The peak at 4.5 nm is assigned to the straight form of α‐helix 14 (PDB‐ID: 2h7o) and the peak at 5.3 nm to its bent form (PDB‐ID: 4ci6).[11](#anie202004452-bib-0011){ref-type="ref"}, [39](#anie202004452-bib-0039){ref-type="ref"} In the crystal structures, the bent form is only found when actin is bound, whereas here, in frozen solution, both conformations of α‐helix 14 seem to be present even in the absence of the actin ligand. Interestingly, the addition of human platelet actin did not change the obtained distance distribution, strongly indicating that the conformation of α‐helix 14 is independent of the actin‐binding process (see Supporting Information, Section 7.6).

In contrast, the DQC experiment on YopO‐**8^.^** (SNR of 503 h^−1/2^) provides a broad trimodal distance distribution (Figure [4](#anie202004452-fig-0004){ref-type="fig"} e,f), which is attributed to the longer linker and thus a broader range of label conformers for **8^.^**, especially with shorter distances (see Supporting Information, Section 8.2.2). The differences in the conformer space of **8^.^** and **9^.^** can be quantified in silico[46](#anie202004452-bib-0046){ref-type="ref"} via the accessible volume both labels sample.[47](#anie202004452-bib-0047){ref-type="ref"}, [48](#anie202004452-bib-0048){ref-type="ref"} This yielded 15 200 Å^3^ and 6940 Å^3^ for **8^.^** and **9^.^**, respectively, and thus, a reduction of the conformer space by 54 % upon going from **8^.^** to **9^.^**. This example thus nicely highlights the importance of a short linker group as provided by the new SLIM label.

In‐Cell Measurements {#anie202004452-sec-0007}
--------------------

To test the feasibility of **9^.^** for in‐cell structure elucidation, DQC measurements on the aforementioned Y588C/N624C‐YopO mutant were performed within eukaryotic *Xenopus laevis* oocytes. The rationale behind the choice of this type of cells as model system is twofold: first, oocytes exhibit the highest reducing activity of all cell types under study[36](#anie202004452-bib-0036){ref-type="ref"} (Figure [3](#anie202004452-fig-0003){ref-type="fig"} c) and do, thus, serve as a true in‐cell benchmark test for **9^.^**. Second, although YopO is a prokaryotic protein, its full enzymatic function is only initiated upon translocation into eukaryotic immune cells through the *Yersinia* type‐3 secretion system, a needle‐like structure that penetrates the outer membrane of the innate immune cells.[49](#anie202004452-bib-0049){ref-type="ref"}, [50](#anie202004452-bib-0050){ref-type="ref"} Here, the oocytes serve as the eukaryotic species and their size enables mimicking this translocation process of YopO‐**9^.^** using a microinjection system (see Supporting Information, Section 6). In this way, samples with a bulk spin concentration of 11 μ[m]{.smallcaps} were obtained and subjected to Q‐band DQC experiments.

Due to the presence of Mn^II^ in oocytes and spin‐crowding effects, the phase‐memory time *T* ~M~ is shortened compared to in‐vitro measurements (see Supporting Information, Section 7.8). However, an incubation of the injected oocytes over 2 h led to a more uniform distribution of the labeled protein within the oocytes enabling a dipolar‐evolution‐time window of 3.5 μs for the in‐cell DQC experiment. The obtained time trace (Figure [5](#anie202004452-fig-0005){ref-type="fig"} a) exhibits a SNR of 23 h^−1/2^ (2 h^−1/2^ μ[m]{.smallcaps} ^−1^), which is considerably higher than previously reported for in‐cell measurements with nitroxide‐[36](#anie202004452-bib-0036){ref-type="ref"}, [51](#anie202004452-bib-0051){ref-type="ref"}, [52](#anie202004452-bib-0052){ref-type="ref"} and trityl‐labeled[9](#anie202004452-bib-0009){ref-type="ref"} biomolecules. Even in comparison to W‐band PELDOR/trityl and PELDOR/Gd^III^ measurements, the Q‐band DQC/SLIM combination is at least on par.[14](#anie202004452-bib-0014){ref-type="ref"}, [53](#anie202004452-bib-0053){ref-type="ref"}, [54](#anie202004452-bib-0054){ref-type="ref"}, [55](#anie202004452-bib-0055){ref-type="ref"}, [56](#anie202004452-bib-0056){ref-type="ref"} Remarkably, the distance distribution from the in‐cell measurement differs from the in‐vitro‐derived ones (Figures [4](#anie202004452-fig-0004){ref-type="fig"} d and S38,S39). This can already be seen when comparing the time traces; the in‐cell time trace has a considerably longer oscillation period (3 μs) than the in‐vitro counterparts (2 μs). Accordingly, the long‐distance peak at 5.1 nm prevails within oocytes and is now the dominating peak, whereas the peak at 4.5 nm is strongly diminished. This data thus indicates a preferred selection of the bent form of α‐helix 14 of the GDI domain of YopO in the eukaryotic cytosol. The straight conformation of α‐helix 14 leads to shorter inter‐spin distances, which are well pronounced in the in‐vitro experiments but are strongly diminished in the in‐cell measurement (compare the Supporting Information, Section 7.8). This effect may be related to molecular crowding[57](#anie202004452-bib-0057){ref-type="ref"}, [58](#anie202004452-bib-0058){ref-type="ref"} and/or binding of regulatory proteins such as Rac1[59](#anie202004452-bib-0059){ref-type="ref"} in the eukaryotic cytosol. More in‐depth studies on this will follow.

![a) Background‐corrected in‐cell DQC time trace and the corresponding fit of YopO‐**9^.^** after an incubation period of 2 h. b) Distance distribution of the in cell experiment (red) overlaid with the distance distribution obtained in vitro (3.5 μs trace length, grey).](ANIE-59-9767-g005){#anie202004452-fig-0005}

Conclusion {#anie202004452-sec-0008}
==========

In this work, the trityl spin label SLIM was introduced and probed for its suitability in PDS experiments. Its synthesis involved a Mitsunobu‐type transformation using a protected maleimide, which can be deprotected in a mild retro‐Diels--Alder reaction. Bioconjugation of SLIM to cysteines proceeds in high yields and site‐selectively. Its narrow spectral width enables high‐sensitivity distance measurements down to low nanomolar protein concentrations, and the short linker leads to narrow and, thus, more reliable distance distributions. Additionally, SLIM features a high stability towards reduction, making in‐cell PDS measurements at high SNRs feasible. In profit of this, it could be shown that the injection of YopO into a eukaryotic cell leads to a change in the conformational ensemble of the GDI domain. Thus, SLIM is a very promising label improving the capability to obtain structural information from biomolecules within their natural cellular environment.
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